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2. 25-mcH Rccmws EQ~ w3333

CRUCIFORMANDMOliOPL/WJIFINS

By Paul E. Purser

suMMARY

About 150 rounds of 2.25-inch subcaliber aircraft rockets, equipped
with standard cruciform fins and with twisted monoplane fins, were
ground-launchedat the Langley Pilotless Aircraft Research Station at
Wallops Island, Va. These tests provided dispersion data for use in
evaluating the effectiveness of twisted monoplsae fins for rocket
stabilization.

The data indicated no significant difference in
rockets equipped with cruciform fins, with monoplane
twist at the fh tip, and with monoplane fins having

.

dispersion for
fins having 4° of
8° of twist.

The monoplane-fin rockets showed a small increase in range to ~act
over the cruciform-fin rockets. Mean deflections in crosswind firings
were slightly smaller for the monoplsae-fti rockets than for the
cruciform-finrockets but the differences may not be statistically signif-
icant in view of the relatively small number of rounds fired.

.-

INTRODUCTION

Antmalysis and a brief flight investigation by the National Advisory
Committee for Aeronautics has shown that bodies msy be stabilized in
flight by the use of twisted monoplane fins rather thm the usual cruci-
form or triform fin arrangements. These studies, reported in references
and 2, did not provide any quantitative data on such items as the effect
of fixing the monoplane fins to the body and thqs including the body
inertia in the rolling system, the dispersion of monoplsme fin bodies
such as rockets or bombs, the-actual static and’dynamic stabili~ of such
bodies, or the probl- involved h la~cwg or releasfig monoPl~e-f~
bodies from aircrsft. The present tests were undertaken to provide data

1
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on the effects of fixing the monoplane fins to the body and on the dis-
persion of monoplane-fin rockets. The tests consisted of measurements
of the dispersion of ground-launched2.25-inch subcaliber aircraft rockets
equipped with cruciform fins and with twisted monoplane fins. The disper-
sion data obtained in these tests are presented and discussed herein.
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()32pitch-frequency parsmeter, p

()QZ2yaw-frequency parameter, p

rate of roll, rps

pitch frequency,
$r,

yaw frequency,
kr

Cps

variation of
per deg

variation of
per deg

Cps

pitchtig-moment coefficient with angle of attack

yawing-moment coefficient with angle of sideslip

moment of inertia in

moment of inertia in

moment of inertia h

pitch, O.1~ slu&ft2

yaw, 0.1% Slug-ftz

roll, 0.0036 mug-ft2

msximum body diameter, ft

maximum body cross-sectionalarea, sq ft

dynamic pressure, lb/sq ft
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RWIUZ?TS,TESTS, AND EQUIFMENT

Rockets

The rockets used were standard 2.25-inch subcaliber aircraft rockets,
designated 2.25TAOOl or 2.2XAO02 in reference 3. Approximately 50 ro~da
were fired with standard cruciform fins of the type shown in figure l(a).
Approximately 100 rounds were fired with twisted monoplane fins, also
shown in figure l(a). Half of the monoplsae-fin rounds had a fin twist
of 4° at the tip and half had a twist of 8° at the tip. The direction
of twist was such as to produce a clockwise roll as viewed from the rear.
The fins were twisted in a simple jig that allowed the application of a
pure torque at the tip. The fact that the fins were thin plates, however,
resulted in a twist configuration, as shown in figure l(b), that produced
effectively leading-edge and trailing-edge flaps as well as a twisted
center portion of the chord plane. Figme l(b) illustrates the final.
twist mode and average values of twist angles measured on each fin panel
of 14 of the monoplane-fin rockets.

Tests

As shown in table I, the test program was divided into 5 lots of
30 rounds each. Each lot was eqpally divided among standard cruciform-
fin rockets, 4° monoplane-fin rockets, and 8° monoplsne-fin rockets.

Iots 1 to 5 were intended to provide angulsr deflection measurements
up to a slant rsmge of about 1,0~ feet for several values of crosswind
velocity and for two launchbg elevation angles. The data obtained and
presented were lateral and vertical.deflection in roils@ slat range
in feet. A few rounds of lots 1 to 5 were tracked by CW Doppler velocti-
eter and NACA modified SCR ‘j@lposition radar sets. Records were not
taken on the position radar for these rounds, the operator simply noted
the general appearance of the flight path

Launcher

The launcher used was a rail type as

and the range at impact.

shown in figure 2. The launcher
length measured from the center of the rem launchhg lug to the end of

the rails was 4$$ inches.

Csmeras

Deflection data.- The deflection data were obtained with a
7’O-milltieterrapid-sequence Hulcher camera mounted in a protective

—. ..— _-—. .-.,_. — -—— -———- ——.—
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frame beneath the launcher rail. (See fig. 2.) The csmera was operated
at approximately 15 frsmes per second. The lens used was a 305-millimeter “
focal length K-24 aerial csmera lens adapted to the 70-millimeter csmera.
The c~era was alined parallel to and directly below the center line of
the rail launcher. The vertical.separation of the center lines of the
camera and of a rocket resting on the launcher rail was O.% foot. The
camera field of view was approximatelyKl14 m.ilsin the vertical plane
and *93 roilsin the lateral plane.

.Rolling-veloci@ data.- Some rolling-velocity data were obtained
with a 16-millimeterMitchell csmera hand-tracked frm a position directly
behind the launcher. The camera was operated at a~roxhately 125 frames
per second. The rocket fins were painted bright yellow and color film
was used to provide better definition of fin position in space.

Axis system

The lateral and vertical deflections are referenced to the line of
sight which is an extension of the rocket center line when the rocket is
on the launcher. The range used was the slant range to points along the
rocket flight path except for sme data which are presented as true hori-
zontal rsmge to @act.

DATA REDUCTION?AND ACCURACY

Deflection Data

The angular deflection data for round 1 of lot 1 are plotted in
figure 3, to illustrate the general quality and amount of data obtained
from each round. The following paragraphs discuss the data reduction-
procedures used and the estkted accuracy of various portions of the
data.

The lateral and vertical deflection data were obtained from the
70-milltieter film by use of ‘atransparent overlay gridded in mil measure.
The smallest division on the grid was 2 mi@. Considerations of grid
size and repeatabili~ of alining the overlay and the film indicate that
the basic deflection measurements sre probably accurate to *2 roils. No
parallsx corrections were required for lateral deflection, but, because
the csmera was located O.n foot below the line of sight, the vertical
deflection data did require p=allax corrections. The accuracy of the
parallax corrections depends directly on the accuracy of the range data
~o be discussed later; however, by the time the rocket
out a rsnge error.of 35 feet would produce a change of
in the parallax correction.

has reached burn-
only about 1/4 mil
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slant
the rocket
rocket was

Range Data

range for the first 1,000 feet along the trajectory or until
~ge on the film was too faint to identify or until the
no longer in the camera field of view was evaluated by.inte-

grattig velocity data obtained from a CW Doppler velochneter for several
rounds. Comparison of these data indicated that a common range-against-
time curve could be used for all rounds with a slsat range of 385 feet “
at burnout. The the of burnout could be established within one camera
frsme (or 1/15 second), thus, from near burnout to 1,000-foot range,

(
the slant range is probably correct withti ’135feet dete?nmlnedfrom

)
** X J- X maximum velocity .15 It was possible to determine the slant

range between 10 and 100 feet at from 1 to 4 potits for most of the
rockets based on measurements of the spsa of the fin image on the camera
film. This procedure is believed to have provided slemt-ramge data
accurate to *1O feet or less b the esrl.ypart of the flight.

Roll bata

The rolling veloci~ data were obtained by differentiation of roll-
position time histories obtained from frame-by-frame saalysis of the
16-mi~imeter film taken at 125 frsmes per second. The fih was projected
on white paper and the roll position marked for each frame; the accuracy

of the roll position determination varied from i?=revolution to *1 revo-
6 3

lution depending on the clarity of the fin tige on the film. The scatter
of the data indicated that the rolling veloci~ could be deterndned to

*lJLrevolutions per second whenevaluated over intervals of 10 to 20 frames.
2

Crosswind Data

Wind veloci~ and dtiection measurements used in determining the
crosswind velocity for each round were obtained from a recording Ikndix-
l?riezAerovane. The measuring
2’7feet about
the variation

The data
limits:

50 feet from the
of wind veloci@

as presented are

Wind velocity, fps . . . . . .
Vind direction, deg . . . . .

instrument was located at an altitude of
launcher. No measurements were made of
smd direction with altitude.

believed correct within the following

. . . . . . . . . . . . . . . . . . *1.5

. . . . . . . . . . . . . . . . . . *2

— _ ______ ——. .—- -——— —— .— .— — -.
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Overall Accuracy

Considering the various accuracy values noted in the preceding para-
graphs and the shapes of the curves presented in figure 3, the short-
range.data presented are believed to be correct within the following
limits:

—

Accuracy of -

Indicated slant slant

range, ft range, Lateral Vertical
ft deflection, deflection,

roils roils

25 *1O ~4 +d, -25

w *1O *4 +4, -6.
100 ~lo *4 ~4
200 *25 *3 *S
385 (burnout) *35 *2 *2
770 (twice range +55 *2 *2
at burnout)

1,000 *35 *2 @

RESULTS AND DISCUSSION

Stabili@ of Monoplane-Fin Rockets

Theory and background.- An analytical study of the possibility of
using rolling to stabilize a body, such as a monoplane-fin rocket, that
would normally be stable in either the pitch or yaw plane but unstable
in the other plane appears in reference 1, an analysis of the effects of
rolling on the longitudinal.stabili~ of aircraft. Reference 2 presents
the results of a brief experimental verification of the effects of rolling
in stabilizing bodies that would normally be stable in only one plane.
The data of reference 2 were only qualitative h nature and thus did not
provide information on the degree of stabili~ actually achieved or on
the possible difference in dispersion between cruciform-fin and monoplsne-
fin rockets. The analysis of reference 1 shows that if a body is stable
in one plane snd unstable in the other, stabili~ may be achieved by
forcing the body to roll at a rate (in revolutions per second) that is
equal to or greater than the natural frequency (in cycles per second) in
the stable plane. There are additional requirements that tend to lhit
the roll rate if the ratio of stability in the unstable plane to the sta-
bility in the stable plane is lsrge. The study of reference 2, however,

,

—.
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indicated that
in the present

configurations similar to those used in reference 2 and
tests could be modified over rather wide ranges without

7

exceeding the stabili~ limits.

Data for present tests.- Some stability data for the rockets used
in the present tests are presented in figures 4 and 5. The roll and
pitch frequencies of the 4° monoplane-fin rockets are presented in fig-
ure 4 slong with velocity and time data for the esrly stages of the flight.
The velocity time history was calculated from knowmmass and thrust char-
acteristics of the rocket and was checked by measurements of the and
distance made with a 35-milltieter Fastsx camera during the first 8 feet
of travel for a few rounds and by Doppler radar measurements of maximum
veloci~. The rockets.had a veloci~ of about 120 fps on leaving the
launcher m-d reached a maxtium velocity of 1,170 fps at 0.65 second after
firing. The pitch frequency was calculated from estimates of the stabili~
and checked against the value of oscillation distance of 126 feet given
in reference 30 The yaw period (imaginary)was calculated from the body-
alone portion of the stability estimates. The roll frequency, as pre-
viously noted, was obtained from the film records. The steady-state val-
ues of the measured roll frequency are considerably higher than values
calculated from strip theory for rigid fins. The difference is believed
attributable to aeroelastic effects on the thin metal fins of the rocket.
The plots of figure 4 show that the roll.frequency exceeded the pitch
frequency (which is the reqyiranent for stability) very early in the
flight, the cross-over point was at about 0.17 second which corresponds
to veloci~ of about 325 feet per second and a range of about 30 feet.
Figure 5 is a stability chsxt as presented h reference 1 and has super-
imposed on it a time-trace of the stability characteristics of the
40 monoplane-fin rocket. Figure 5 shows that the monoplane-fin rockets
are welJ within the stable region after less than 0.2 second of flight.

Presentation of Results

Angular-deflection data and tid data for all lots are presented in
figures 6 to 20. Table I, which presents the test program, may be used
as an index to those figures. The data on lateral dispersion and cross-
wind effeqts on lateral deflection me summarized in figures 21 and 22
and in table II. Data on the dispersion at impact are summsrized in
table III.

General Characteristics of Rocket Flight Paths

Although the primary purpose of this paper is the presentation of
comparative dispersion data for cruciform-fin and monoplane-fin rockets,
a review of the general characteristics of the flight paths
launched rockets pay be worthwhile to many readers. Such a

of ground-
revi.ewmay

. .—.————- ——.— ——— _ —..——— .-——.—
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be based to a large degree on the data of figure 3. In considering these
data one must remember that the deflections presented me angular values
and that the actual distance between the flight path and line of sight
is the product of rsnge and angulsr deflection. Consider first the lat-

.

eral deflection at a 12-foot range - this value of 4 roilscorresponds to
a distance of 0.048 fcot or about 1/2 inch, this deflection is probably
a result of thrust malalinement although irregularities in the launcher
rails may be a contributing factor. Later in the flight, at 70-foot rsmge,
the 20-mil deflection corresponds to a distsnce of 1.4 feet and probably
results from a canbination of crosswind effects and fin malalinement.
During burnhg, a stable rocket tends to weathercock into the wind and
the thrust then drives the’rocket up wind. The angle through which the
rocket tends to tin in a given crosswind msy be increased or decreased
by fin malalinement but the rate of tur?dng decreases as the rocket for- .
ward veloci~ increases so the crosswind effect tends to diminish as the
rocket continues to accelerate. After burnout the rocket would tend to
drift down wind, fin malalinment, depending on its direction, might
increase or decrease this drift. The oscillation that occurs near burn-
out is probably due primarily to a sudden change h the direction of the
crosswind effect but msy also be due, to sane extent, to mmentary thrust
malaltiement resulting from nozzle separation at low pressure during
burnout or from propellant slivers being caught in the nozzle during the
burntig-out process.

,.
Consider- the vertical deflection, any crosswind would have effects

shnilar to those noted for the lateral deflection. For this particular
round, however, the actual tid direction and the low launchtig angle
canbined to result in only a small vertical crosswind component and the
major effects on the vertical deflection are the ~avity effects noted
in figure 3. As the rocket leaves the launcher, the forward support
becames free before the resr support; thus gravity forces acting at the
rocket center of gravity induce a nose-down pitch and pitching rate; the
thrust then drives the rocket down and the resulting deflection is called
gravity tip-off. For stable rockets the gravity tip-off effect decreases
as the rocket accelerates since the increased aerodynamic forces tend to
reduce both the pitch angle and pitching rate. The burnout oscillation
in the vertical plane is similar to that noted previously in the lateral
plane. After burnout, the rocket continues under the influence of .gravi@f,
thus undergoing an increasing downwwd verticsl deflection lmown as grav-
ity drop. The apparent gravity tip-off and gravity drop may both be
either increased or decreased by fin or thrust malalinment. The effects
of fin and thrust malalinement msy be decreased by @arting spin to the
rocket provided the spin rate is sufficiently higher than the pitch and
yaw natural frequencies to avoid resonance and tistabili~.
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The following table summarizes the major itms affecting rocket
deflection and dispersion, and it indicates possible means of reducing
the effects of these items:

Item

Thrust malalincment and
launcher irregularities

Crosswind effects

Fin malalinment

Gravity tip-off

Gravity drop ‘

Mesms of reducing effects

Increase static stability or increase
velocity at launch by increasing length
of ground launchers. For high-speed
air-launching, zero-length launchers
may reduce disturbances.

Increase velocity at launch, reduce
static stability to near neutral.

Increase stability, impart spin at rate
higher than natural pitch and yaw
frequencies.

Increase velocity at launch, release
front and rear of rocket from launcher
simultsaeously.

Ihcrease velocity of rocket during
complete flight.

Deflection and Dispersion Data

In general the deflection and dispersion data presented in fig-
ures 6 to 20 show the various effects noted in the preceding discussion
of figure 3. There appesr to be no major differences in the deflection
data for the three rocket configurations used.

Figures 21 and 22 present statistical sumnsries of the lateral
deflection data as plots of mesm lateral deflection in roilsagainst mesn
crosswind in feet per second for each lot at burnout range and at twice
burnout rsmge. Also shown is the lateral dispersion expressed as the
standard deviation of the deflection from its mesm value for each lot.
The procedures used in determining the mesn and standard deviation sre
given in the appendix. The slopes at 2 mils/fps faired through the data
represent an average value for the effect of crosswind on the deflection
of ground-launchedrockets according to sane British sources. The data
in figures 21 and 22 appear to fit this average value of crosswind effect
fairly well. The data appear to show slightly smaller crosswind effects
for the monoplane-fin rounds than for the cruciform-fin rounds. Although

—.-— .._. —________ .—— —— ——.. _______ _________
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statistical reliability checks listed in the appendix indicate the data to
be relatively reliable, the small number of”semples in each lot probably
does not justify any conclusion other than that the crosswind effects 1.

sre approximately equal for the three rocket configurations.

The deflection snd dispersion values shown in figu?es 21 and 22 are
summarized in table II. The root-mean-squere values of standsrd devi-
ation shown in table II indicate no significant difference among the
three types of rocket whether or not one includes the values for lot 4
which the statistical checks in the appendix indicated to be the least
reliable lot. Ignor@g lot 4 gives mil dispersion values of 25.7
and 27.75 for the cruciform-fin rockets - these values are slightly
larger than the value of 23 listed in reference 3. The present tests,
however, used a k-foot launcher rather thsm the 7-foot launcher listed
in reference 3 and would be expected to show slightly higher dispersion
values.

Impact-Rsnge Dispersion

As noted in the section entitled “Tests” a few rounds were tracked
with the NACA modified SCR 584 radar and although no records were taken
the operator’s notes provide some data on range to impact. The impact-
range data are summarized in table III. These data, although few in
number, show slightly greater mean rsnge for the monoplane-fti rockets
than for the cruciform-fin ones. The range dispersions for the crucifomn-
fti and 4° monoplane-ffi round are about equal.
shown for the 80 monoplane rounds may or may not
of the small sample size considered (4 rounds).

CONCLUDINGRIMARK

The Seater dispersion
be significant in view

The data from the present tests indicate that fixing the monoplane
ftis to the body had no drastic effects on stability and that there were
no significemt differences h the dispersion and crosswind effects of
cruciform-fin and monoplane-fin rockets.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lamgley Field, Vs., Septaber 6, 1~~.
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STATISTICAL

The mesm values of deflection,

FmcmmREs

crosswind velocity, and range and
the dispersion or standard deviations of these values-were calculated
by the following procedures:

Mean values were determined by

?
where x is individual values of deflection, crosswind velocity, and
range; n is number of.samples; and Z is mesm value

.=zlll
n

where d is mean deviation or average scatter of values about mesm

where s.d. is standard deviation of values about mean and is the usual
statisticalmeasure of dispersion. The value (n - 1) rather than n
was used because of the relatively small sample size in each lot.

Checks on Statistical Reliabili~

Various checks were made on the

The first test was a comparison

statistical reliabili~ of the data.

dof the ratio ~ for each lot

with

O*U.

the standard value of & = 0.798 for “normal” or “GS.ussian”
au.

distribution. Values of ~ for the lateral dispersion of the various

lots of rockets ranged from”O1608 to 0.884. (See table II.) This range

of values for ~ indicates fairly normal distribution.
.

—.—. .——. — —
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The reliability of the samples was also checked by performtig the
following steps (based on refs.-h and 5) on the data:

(1) FYcm the range between extreme values in each sample w
the mean range 1? and the standard deviation Uw of the ranges

n - 1 instead of n for small ssmples.

(2) Calculate the following:

“efi

Xv - 2yuwfl
u=

a

where m = 3.14 and y = 0.57722

(3) Find R for each w, where R = a(w - 2u)

(4) The range for each R which fails outside the limits

find
using

-1.75 ”~’R~ 5.35 is then from a poor ssmple (for a 95 percent confi-
dence level.) Shown in table IV are values of R obtained by perfomning
this test on the ssmples.

In &meral the test iadicated the data to be fairly reliable. Iot 4
for the cruciform fins, lot 2 for the 4° monoplme fins, and lot 4 for
the 8° monoplane fins appeared to be possibly somewhat less reliable
than the other lots.

.
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18 - 8 m in ZO! 16.0 Tlaled.m leavlngLmmCher
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a - 4 l-p 1X 29.4 12.9 -I
2% 8 z Wl 19 29.4 11.g 8
23 : 0 30 l-p 1$9 30.s 14.5 6 Wdt=_Xb@==Weof

2-S - 4
faultyigniter

30 l-n 19 30.5 ---- - m u DmtOr,date.notl-dud
27 - 8 m in 1s5 32.4 ----
28 +

m 13mt.m-,&a notrducd
l-n 1X 32.4 14.7 i

29 - : 3 in 1* 25.0 —— m u !mtc.r, data not l-dwea
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:
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15
2 : 8

10
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11 - 4 2 z LJy 2:L z:; J
12 8 60 S9 23-5 22-8 ~
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1-7 - : 1% 93 19? 29.4 29.3 10
18 - 8 .% S9 le9 29.4 29.3 11
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23 - : 60 SB lm %.0 33.7 10
24 - 8 60 B 192 2s.4 26.4 u
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z -
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27 - 9 2 z m %9 %!! II
28 + o 6Q 99 l& 23.5 23.2 9
’29 - ~ 60 B lea 30.9 30JI 10
Y3 - 8 60 99 l& 30.9 30.b II

a a B Ml 32.!3 31.9 II
; i : 63 S9 17’6 29.4 28.6 9
53 - 6+3 S9 ltm 25.0 24.6 10

‘+ d-tea CIWlform,- demotesmnqlene.
b&itiw3 wales denote wind l-l-m right.
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W I.-INDEX!lU2.25-DfCERWKETD~ON !CESIS- continued

Launcher Wba .
?Yn crOsBwLrd,

mnd Fi.nBmgle, ~m~io=, &M, ~M, v> fp, - Remrks

(a)
deg deg deg deg fps (b)

Id.3 on Augwt 31,1%3

1 + 60 130 2!% 14.9 lk.2 12
2 - : 60 130 206 17.5 --— --

8 &)
Nk U motor,datamt redmd

130 19 20.5 --— -- W 13motir,datanot reducd

i i 43 1.30 195 1.2.o 10.6 12
: 60 130 10.5 9.7

; : 8
1.3

69 130 205 14.5 14.2 14
7 + 60 m =03 ~.o :.; g
8 - : 60 210 14.5
9 - 8 69 m ~ U.o 12:4 14
10 + o m 130
U - 4 60 1Y3
12 - 8 .S3 130 21.5
u + 60

Kx U mtir, datanotreduced
130 210 12.o u..6 12

lb - : 6!) 130 215 13.0 ---- -- L& 13-, dak mt reduced
15 - 8 69 m 205 16.0 ---- --
16 + 0 60

Ilku mtar, datanotlanced
m = 16.0 16.1 K!

17 - 4 a 130 210 12.o u.6 u
18 - 8 6-9 1.30 23.5 ~.o - --– -- W 1.3motor,datanot reduced

19 + : 60 m =“ U.o U.2 :
20 - & w 215 9.0 8.8
a - 8 6-9 130 Za3 7.3 14
22 + 60 1.30 210 ,;:: 8.7 :
23 - : 60 1.30 as 1.2.O U..7
24 - 8 &l Uo 21> 12.o Il.-l 14 Obeerverabelievefinsbrokeoff
25 + 60 lm 2.15 10.5 10.2 12
26 - : 60 130 Zlo 1.2.o u..6 3.3
27 - 8 m m ao 1o.5 ---- -- w 13!mtor,datamt reduce+.
28 + 60 Uo 2Q5 1.2.O 11.3 g
29 - : 60 130 m 10.s 9.7
30 - 8 60 1.30 ~ 14.5 ---- -- m u UlOtm?,d8t.aE@ reduced.

Id. 4 on July9, l@

1 +’ a 13!3 83 16.0 -IL8 15
2 - .: 60 ml 14.5 -9.2 16

8 a m % 17.5 -13.3
: i o

17
m 1.30 82 17.5 -—-- --

4 63
HIM!brokeoffat lamchiIu

Uo 14.5
.? : 8 63

-7.8 16
lxl g 16.o -IL8 17

7 + : @ m 17.5 -14.8 15
8 - 60 1.30 2 17.5 -14.2 16
9 - 8 60 130 -m 19.0 -U.o 17
10 -!- 0 6-9 m 7? 16.0 -1.3.2 15
U - 4 63 lx -m 22.0 -17.3 16
12 - 8 60 l-m 76 15.0 -12:5 17
u + GJ Uo 72 22.0 -18.7 ;:
14 - “: 60’ 130 76 17.5 -14.2
15 - 8 60 I-30 g 19.0 -14.8 17
1.6 + a 1.30 20.0 -14.8 15
17 - : 60 m 75 19.0 -15.6 16
18 - 8 60 m 75 17.5 -14.4 17
19 + 69 ).30 76 23.5 -19.0 15
20 - : 60 1.30 75 S.O -18.6 16
a - 8 60 m 19.0 -U.5 17
22 + 60 1.30 E 21.o -14.2 15
23 - : 6-9 80 22.0 -16.9 16
24 - 8 6-0 130 81 22.0 -16.6 17
25 + 63 m 87 14.5 -10.0 15
26 - : a 150 22.0 -12.9 16
27 - 8 61- 130 z 21.o -14.0 17
28 + 60 1.30 9 17.0 -10.8 15
29 - : 60 m 91 16.0 -10.2 16
30 - 8 m m w 15.0 -U..l 17

a+derides cmclform, - denotesmonoplme.
bPositivevaluesdenotewindfmm right.
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TMBLE I.- IKOEX ‘M 2.29 -IRXl FWKWl! D~IOIi TF3’IB - C.mclnded

IamKk Wind
Fin

Round
cmmm>

?b$ aw&% =evatim, Azm, Aclmth, v, *
M&n-e -k

aw deg
a)

deg fps
b}

1

2

i

5
6

.!!
9.
10
I-1
w
u
14
15
16

:i
19
20
21
22
3
24
25

3
29
n

+

+

+

+

+

+

+

+

+

+

o
4
8
0
4
8

:
8

:
8
0
4
a

R
a
o
4
8
0
4
8
0
4
8

:
8

U6
1.I.6
1.1.6
116
U6
116
116
u.6
U6
U6
U6
U6
U6
U6
U6
U6
U.6
il.6
m
1.16
U6
U6
U6
U6
U6
U6
u.6
U6
U6
U6

a
+ dem’@8 crddfcam, - dwIOtOB-Ilk.

Iot 9 m Cctaber 28, lW

lJ..7

11.7
8.8
11.7
U.7
IJ..7
lJ..7
11.7
U.T
8.8
8.8
8,8
8,8
7.9
5.9

z:;
5.9
3.9
?.9
5.9
5.9
5’.9
5.9
9.9
5.9
5.9
7.9
5.9
5.9

0.8

k:;
2.8
1.8
.8
.0
.8
.8
.6
.6

2.1
2.1
--
---
1.4
---

;:;
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3

18
19
al
18
19
m
18
19
m
18
19
m
18
--

ii
--
m
18
19
m
m
19
20
18
19
20
18
19
al

Cawra @reed shortly titar Wuruxrt

c— @md

Clmmm $mm2.1

I&Mire

%itive valum damt. wind rrau risjit.

. \
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W

~t Omsmrb
RhM vQlmitJ

f-m

!k-u Iroim 1 17.41

2 25.36

3 ~.%

4 -lk.s2

7 2.17

.0MOl@.ma 1 2?.10

2 2’(,%2

3 u.46

& -U.74

I
9 2.s2

IQmnqlma 1 EJ.P

2 27.*

3 (b)

k -U.ea

5 2.64

.%.% 22.12 .’7% 67.57 ‘m.Erl ,e% PLOt-!m!m-swua s~ d.mle.tion
of all 10ta. 31,63at bwnwt,

43.01 aS.-f3 .7* $2,03 =.53 .eA3 - 42.4c at tmlut bm—nmrt range.

L3mullw lot +, Val.neo U53 a.70

-26.% 48.% ,676 -19SW 76.24 J359 @ml 27.17

I 1 1 1 I I

15.85 21.11 .6-M “XJl 15.U .7U

41.10 41.55 .W/ 26.25 39.31 .Tce wat-seen-we tidmd devi8tlon

31.43 =.57 .79
Or a btB . 29.10at bmwut,

35.67 23.97 .m = 30.cd at tvioe burEult range.

-1~.20 23.o1 .633 (b)
1510rtislot 2, Valnamare 23.O

(b) (b) d 26.20

I 1 1 1 1 I

-2.07 ‘23.U .-@ k.30 31.% .G~

61.9$ 29.W .732 57.43 ly.zz .* ~-sw ~ detitim
of all lots - 43.69at bummt,

(b) (b) (b) (b) (b) . 39.41at twloe turmut rm.ge.

-31.32 73.% .&c
Iemrfmg lot 4, vmlnen m-e 27.21

-*.17 67.6 .m d 23.91.

-19.43 22.40 .tmo -19.17 21.w .m

I

%atio of 0.7@ ilJdiC.teS data km ‘rmmlg w “Wsisn” distributlan.

%-lnicmb dati to jw-tify BtatintiQl amlynis.
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Fins

rCructrorm

r4° Monoplane

r8° Monoplane

L

Lot

2

2

2

2

5
5

2

2

5
5

2

2

5
5

W III.- 2.25 -INCH RCCKET ?MPACT DISPERSION DATA

Round

5
8
2

U

l$?

27
6
15

Range .9A
impact, yd

a

4,93
5,370
4,9%

5,370
4,90
4,830

5,8&1

5,970
5,440
5,65a

5,970
5,880
5,530
5,3W

%ata from radar operator’ E notes.

Mean range at

impact, yd

5,073

15,735

1
5,683

Standard deviation of

range at impaCt, @

238

Mean deviation

Standard deviation

o.eJ42

.797

.831
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TABLE rv. - STATISTICAL CHECK OF DATA

R

(a)
Ftis LQt

At burnout At twice burnout
range range

cruciform 1 -1.46 -0.19
.72 -.13

; 1.07 -.19
4 3.22 3.20
5 2.38 3.oa

40 Monoplme 1 :38 -1.24
2 4.36 3.04

.51 1.39
; -.08 -----

5 .60 1.54

8° Monoplame 1 .9 2.07
2 2.68 -.73

----- -----
: 2.28 3.22
5 -1.34 .06

aValue of R should be between -1.75 and 5.35
for 95j% confidence level (see appendix).

,-
+$.+@&~

---
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225” El@, Mk3 Mod.2
Bu Ord Dug Na 439206

18 V2 1-

Slde view Rear view

Cruclfofm fins
Average Volues of

Leaded Epqsty Loaded q.

r \
F 1/4

Empty cg

weight, lb weight, lb lm tram rc%e [n from nose

\, Cruciform I 1.82 9,92 16,26 15.98

Monoplane I L48 9,64 16,03 15.67

. . . . . . . . . . . . . . . . . .

(- .B ___

= -~’’’n”st “+

Side view

L

Top view
Monoplane fins

(a) General arrangement.

Figure 1.- Sketches of 2.~-inch rocket mtar, showing fh

A31 dhnenaione me in inches.

Reor view

configmationa.
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(b) !bde .ud average values of fin twist, average of 14 round..

Figure 1.- Concluded.
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Figure 2.- Photograph~of typical monoplane-fin rocket on launcher.
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Figure 3.- Sample deflection data; lot 1; round 1; cruciform-fin rocket;
crosswind 21.9 fps from right.
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Roll, measured

“Roll, oaloulated
/ for steady-state

and rigid fins
0 ‘

/

Pitoh, oaloulated
‘ and ref’erenoe 3

- yaw, oaloulated

o 100 2oil 300 400 500 600 700 800

Veloolty, fps

I I I I I t I 1 I

o .1 .2

TIIIW, sec

Figure 4.- StabllLity param+ers for 4°

.3 .4’

nxmoplane-fin rockets.
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.1458ec-

3

2
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<

.25 seo—
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2 3

yaw frequency~
roll frequency-

Figure 5.- Stability chart for 4° monoplane-fin rockets.
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0 [ 2 3 4 5 6 7 8 9 10 IIXI02

0 I 2 3 4 5 6 7 8 9 Ioxloz
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Figure 6.- Deflection data; lot 1; cruciform-fin rockets; mean crosswind

17.41 fps from right.
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Figure 7.- Deflect Ion data~

crosswind

I

I

Round

2
—— 5
------- 8
........... II
—-— 14
—--— 17

?!

4 5 6 7 8 9 10 Ilxlry

3 4 5 6 7 8 9 IOXI02

Range, ft

lot 1; 4° monoplane-fin rockets; mem

22.1 fps from right.
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Figure 9.- Ikf lection data; lot 2; cruciform-fin

+.63 fps from right.
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Figure 10. - Ikflectlon data; lot 2; 4° nmnoplane-fin rockets~ uem

crosswind 27.82 fps from ri@.
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Rang& ft

Figure lJ..- ~flection titaj lot 2j 8° nmmp~-fti rodets; mean

crosswind fl.24 f’ps from right.
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Figure 12. - Deflection data; lot 3; cruciform-fin rockets; mean crosswind

11.96 fps from r~.
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Figure 13. - Deflection data; lot 3; 4° monoplane-fin rockets; ma

crosswind 11.46 fps from r~t.
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Figure 14. - Deflection dataj lot 3; 8° monoplsne-fin rockets; uan

crosswind 11.40 fps from ri@t.
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Figure 15.- Deflection data; lot 4; cruciforn-fti rockets; mean crosswind

14.62 fps from left.
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Deflection data; lot 4; 8° nx3noplane-~in rockets; mean crOss -

wind 13.88 *a from left.
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Aeronautics

COMPARATIVE DISPERSION DATA FROM GROUND-IAUNCHHD

2.25-~cH RmMs EQ~ -

CRUCIFORM AND MONOPLANE FINS

By Paul E. Purser

suMMARY

About 150 rounds of 2.25-inch subcaliber aircraft rockets, equipped
with standard cruciform fins and with twisted monoplane fins, were
ground-launchedat the Langley Pilotless Aircraft Research Station at
Wallops Island, Va. These tests provided dispersion data for use in
evaluating the effectiveness of twisted monoplsae fins for rocket
stabilization.

The data indicated no significant difference in
rockets equipped with cruciform fins, with monoplane
twist at the fh tip, and with monoplane fins having

.

dispersion for
fins having 4° of
8° of twist.

The monoplane-fin rockets showed a small increase in range to ~act
over the cruciform-fin rockets. Mean deflections in crosswind firings
were slightly smaller for the monoplsae-fti rockets than for the
cruciform-finrockets but the differences may not be statistically signif-
icant in view of the relatively small number of rounds fired.

.-

INTRODUCTION

Antmalysis and a brief flight investigation by the National Advisory
Committee for Aeronautics has shown that bodies msy be stabilized in
flight by the use of twisted monoplane fins rather thm the usual cruci-
form or triform fin arrangements. These studies, reported in references
and 2, did not provide any quantitative data on such items as the effect
of fixing the monoplane fins to the body and thqs including the body
inertia in the rolling system, the dispersion of monoplsme fin bodies
such as rockets or bombs, the-actual static and’dynamic stabili~ of such
bodies, or the probl- involved h la~cwg or releasfig monoPl~e-f~
bodies from aircrsft. The present tests were undertaken to provide data

1
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on the effects of fixing the monoplane fins to the body and on the dis-
persion of monoplane-fin rockets. The tests consisted of measurements
of the dispersion of ground-launched2.25-inch subcaliber aircraft rockets
equipped with cruciform fins and with twisted monoplane fins. The disper-
sion data obtatied in these tests are presented and discussed herein.

SYMEKnS

%2

92
P

9

‘z

c%

&p

%

12

Ix

d

s

q

()32pitch-frequency parsmeter, p

()QZ2yaw-frequency parameter, p

rate of roll, rps

pitch frequency,
$r,

yaw frequency,
kr

Cps

variation of
per deg

variation of
per deg

Cps

pitchtig-moment coefficient with angle of attack

yawing-moment coefficient with angle of sideslip

moment of inertia in

moment of inertia in

moment of inertia h

pitch, O.1~ slu&ft2

yaw, 0.1% Slug-ftz

roll, 0.0036 slug-ft2

msximum body diameter, ft

maximum body cross-sectionalarea, sq ft

dynamic pressure, lb/sq ft
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RWIUZ?TS,TESTS, AND EQUIFMENT

Rockets

The rockets used were standard 2.25-inch subcaliber aircraft rockets,
designated 2.25TAOOl or 2.25TAO02 h reference 3. Appromtely 50 ro~ds
were fired with standard cruciform fins of the type shown in figure l(a).
Approxtitel.y 100 rounds were fired with twisted monoplane fins, also
shown in figure l(a). Half of the monoplsae-fin rounds had a fin twist
of 4° at the tip and half had a twist of 8° at the tip. The direction
of twist was such as to produce a clockwise roll as viewed from the rear.
The fins were twisted in a simple jig that allowed the application of a
pure torque at the tip. The fact that the fins were thin plates, however,
resulted in a twist configuration, as shown in figure l(b), that produced
effectively leading-edge and trailing-edge flaps as well as a twisted
center portion of the chord plane. Figme l(b) illustrates the final.
twist mode and average values of twist angles measured on each fin panel
of 14 of the monoplane-fin rockets.

Tests

As shown in table I, the test program was divided into 5 lots of
30 rounds each. Each lot was eqpally divided among standard cruciform-
fin rockets, 4° monoplane-fin rockets, and 8° monoplsne-fin rockets.

Iots 1 to 5 were intended to provide angulsr deflection measurements
up to a slant rsmge of about 1,0~ feet for several values of crosswind
velocity and for two launchbg elevation angles. The data obtained and
presented were lateral and vertical.deflection in roils@ slat range
in feet. A few rounds of lots 1 to 5 were tracked by CW Doppler velocti-
eter and NACA modified SCR ‘j@lposition radar sets. Records were not
taken on the position radar for these rounds, the operator simply noted
the general appearance of the flight path

Launcher

The launcher used was a rail type as

and the range at impact.

shown in figure 2. The launcher
length measured from the center of the rem launchhg lug to the end of

the rails was 4$$ inches.

Csmeras

Deflection data.- The deflection data were obtained with a
70-milltieter rapid-sequence Hulcher camera mounted in a protective

—. ..— _-—. .-.,_. — -—— -———- ——.—
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frame beneath the launcher rail. (See fig. 2.) The csmera was operated
at approximately 15 frsmes per second. The lens used was a 305-millimeter “
focal length K-24 aerial csmera lens adapted to the 70-millimeter csmera.
The c~era was alined parallel to and directly below the center line of
the rail launcher. The vertical.separation of the center lines of the
camera and of a rocket resting on the launcher rail was O.% foot. The
camera field of view was approximately*114 m.ilsin the vertical plane
and *93 roilsin the lateral plane.

.Rolling-veloci@ data.- Some rolling-velocity data were obtained
with a 16-millimeterMitchell csmera hand-tracked frm a position directly
behind the launcher. The camera was operated at a~roxhately 125 frames
per second. The rocket fins were painted bright yellow and color film
was used to provide better definition of fin position in space.

Axis system

The lateral and vertical deflections are referenced to the line of
sight which is an extension of the rocket center line when the rocket is
on the launcher. The range used was the slant range to points along the
rocket flight path except for sme data which are presented as true hori-
zontal rsmge to @act.

DATA REDUCTION?AND ACCURACY

Deflection Data

The angular deflection data for round 1 of lot 1 are plotted in
figure 3, to illustrate the general quality and amount of data obtained
from each round. The following paragraphs discuss the data reduction-
procedures used and the estkted accuracy of various portions of the
data.

The lateral and vertical deflection data were obtained from the
70-milltieter film by use of ‘atransparent overlay gridded in mil measure.
The smallest division on the grid was 2 mi@. Considerations of grid
size and repeatabili~ of alining the overlay and the film indicate that
the basic deflection measurements sre probably accurate to *2 roils. No
parallsx corrections were required for lateral deflection, but, because
the csmera was located O.n foot below the line of sight, the vertical
deflection data did require p=allax corrections. The accuracy of the
parallax corrections depends directly on the accuracy of the range data
~o be discussed later; however, by the time the rocket
out a rsnge error.of 35 feet would produce a change of
in the parallax correction.

has reached burn-
only about 1/4 mil
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slant
the rocket
rocket was

Range Data

range for the first 1,000 feet along the trajectory or until
~ge on the film was too faint to identify or until the
no longer in the camera field of view was evaluated by.inte-

grattig velocity data obtained from a CW Doppler velochneter for several
rounds. Comparison of these data indicated that a common range-against-
time curve could be used for all rounds with a slsat range of 385 feet “
at burnout. The the of burnout could be established within one camera
frsme (or 1/15 second), thus, from near burnout to 1,000-foot range,

(
the slant range is probably correct withti *35 feet dete?nmlnedfrom

)
** X ~ X maximum velocity .15

It was possible to determine the slant

range between 10 and 100 feet at from 1 to 4 potits for most of the
rockets based on measurements of the spsa of the fin image on the camera
film. This procedure is believed to have provided slemt-ramge data
accurate to *1O feet or less b the esrl.ypart of the flight.

Roll bata

The rolling veloci~ data were obtained by differentiation of roll-
position time histories obtained from frame-by-frame saalysis of the
16-mi~imeter film taken at 125 frsmes per second. The fih was projected
on white paper and the roll position marked for each frame; the accuracy

of the roll position determination varied from *~ revolution to *1 revo-
6 3

lution depending on the clarity of the fin tige on the film. The scatter
of the data indicated that the rolling veloci~ could be deterndned to

*1A revolutions per second whenevaluated over intervals of 10 to 20 frames.
2

Crosswind Data

Wind veloci~ and dtiection measurements used in determining the
crosswind velocity for each round were obtained from a recording Ikndix-
l?riezAerovane. The measuring
27 feet about
the variation

The data
limits:

50 feet from the
of wind veloci@

as presented are

Wind velocity, fps . . . . . .
Vind direction, deg . . . . .

instrument was located at an altitude of
launcher. No measurements were made of
smd direction with altitude.

believed correct within the following

. . . . . . . . . . . . . . . . . . *1.5

. . . . . . . . . . . . . . . . . . *2

— _ ______ ——. .—- -——— —— .— .— — -.
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Overall Accuracy

Considering the various accuracy values noted in the preceding para-
graphs and the shapes of the curves presented in figure 3, the short-
range.data presented are believed to be correct within the following
limits:

—

Accuracy of -

Indicated slant slant

range, ft range, Lateral Vertical
ft deflection, deflection,

roils roils

25 *1O ~4 +lq, -25
w *1O *4 +4, -6.
100 ~lo *4 ~4
200 *25 *3 *S
385 (burnout) *35 *2 *2
770 (twice range ti5 *2 *2
at burnout)

1,000 *35 *2 @

RESULTS AND DISCUSSION

Stabili@ of Monoplane-Fin Rockets

Theory and background.- An analytical study of the possibility of
using rolling to stabilize a body, such as a monoplane-fin rocket, that
would normally be stable in either the pitch or yaw plane but unstable
in the other plane appears in reference 1, an analysis of the effects of
rolling on the longitudinal.stabili~ of aircraft. Reference 2 presents
the results of a brief experimental verification of the effects of rolling
in stabilizing bodies that would normally be stable in only one plane.
The data of reference 2 were only qualitative h nature and thus did not
provide information on the degree of stabili~ actually achieved or on
the possible difference in dispersion between cruciform-fin and monoplsne-
fin rockets. The analysis of reference 1 shows that if a body is stable
in one plane snd unstable in the other, stabili~ may be achieved by
forcing the body to roll at a rate (in revolutions per second) that is
equal to or greater than the natural frequency (in cycles per second) in
the stable plane. There are additional requirements that tend to lhit
the roll rate if the ratio of stability in the unstable plane to the sta-
bility in the stable plane is lsrge. The study of reference 2, however,

,

—.
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indicated that
in the present

configurations similar to those used in reference 2 and
tests could be modified over rather wide ranges without

7

exceeding the stabili~ limits.

Data for present tests.- Some stability data for the rockets used
in the present tests are presented in figures 4 and 5. The roll and
pitch frequencies of the 4° monoplane-fin rockets are presented in fig-
ure 4 slong with velocity and time data for the esrly stages of the flight.
The velocity time history was calculated from knowmmass and thrust char-
acteristics of the rocket and was checked by measurements of the and
distance made with a 35-milltieter Fastsx camera during the first 8 feet
of travel for a few rounds and by Doppler radar measurements of maximum
veloci~. The rockets.had a veloci~ of about 120 fps on leaving the
launcher m-d reached a maxtium velocity of 1,170 fps at 0.65 second after
firing. The pitch frequency was calculated from estimates of the stabili~
and checked against the value of oscillation distance of 126 feet given
in reference 30 The yaw period (imaginary)was calculated from the body-
alone portion of the stability estimates. The roll frequency, as pre-
viously noted, was obtained from the film records. The steady-state val-
ues of the measured roll frequency are considerably higher than values
calculated from strip theory for rigid fins. The difference is believed
attributable to aeroelastic effects on the thin metal fins of the rocket.
The plots of figure 4 show that the roll.frequency exceeded the pitch
frequency (which is the reqyiranent for stability) very early in the
flight, the cross-over point was at about 0.17 second which corresponds
to veloci~ of about 325 feet per second and a range of about 30 feet.
Figure 5 is a stability chsxt as presented h reference 1 and has super-
imposed on it a time-trace of the stability characteristics of the
40 monoplane-fin rocket. Figure 5 shows that the monoplane-fin rockets
are weu within the stable region after less than 0.2 second of flight.

Presentation of Results

Angular-deflection data and tid data for all lots are presented in
figures 6 to 20. Table I, which presents the test program, may be used
as an index to those figures. The data on lateral dispersion and cross-
wind effeqts on lateral deflection me summarized in figures 21 and 22
and in table II. Data on the dispersion at impact are summsrized in
table III.

General Characteristics of Rocket Flight Paths

Although the primary purpose of this paper is the presentation of
comparative dispersion data for cruciform-fin and monoplane-fin rockets,
a review of the general characteristics of the flight paths
launched rockets pay be worthwhile to many readers. Such a

of ground-
revi.ewmay

. .—.————- ——.— ——— _ —..——— .-——.—
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be based to a large degree on the data of figure 3. In considering these
data one must remember that the deflections presented me angular values
and that the actual distance between the flight path and line of sight
is the product of rsnge and angulsr deflection. Consider first the lat-

.

eral deflection at a 12-foot range - this value of 4 roilscorresponds to
a distance of 0.048 fcot or about 1/2 inch, this deflection is probably
a result of thrust malalinement although irregularities in the launcher
rails may be a contributing factor. Later in the flight, at 70-foot rsmge,
the 20-mil deflection corresponds to a distsnce of 1.4 feet and probably
results from a canbination of crosswind effects and fin malalinement.
During burnhg, a stable rocket tends to weathercock into the wind and
the thrust then drives the’rocket up wind. The angle through which the
rocket tends to tin in a given crosswind msy be increased or decreased
by fin malalinement but the rate of tur?dng decreases as the rocket for- .
ward veloci~ increases so the crosswind effect tends to diminish as the
rocket continues to accelerate. After burnout the rocket would tend to
drift down wind, fin malalinment, depending on its direction, might
increase or decrease this drift. The oscillation that occurs near burn-
out is probably due primarily to a sudden change h the direction of the
crosswind effect but msy also be due, to sane extent, to mmentary thrust
malaltiement resulting from nozzle separation at low pressure during
burnout or from propellant slivers being caught in the nozzle during the
burntig-out process.

,.
Consider- the vertical deflection, any crosswind would have effects

shnilar to those noted for the lateral deflection. For this particular
round, however, the actual tid direction and the low launchtig angle
canbined to result in only a small vertical crosswind component and the
major effects on the vertical deflection are the ~avity effects noted
in figure 3. As the rocket leaves the launcher, the forward support
becames free before the resr support; thus gravity forces acting at the
rocket center of gravity induce a nose-down pitch and pitching rate; the
thrust then drives the rocket down and the resulting deflection is called
gravity tip-off. For stable rockets the gravity tip-off effect decreases
as the rocket accelerates since the increased aerodynamic forces tend to
reduce both the pitch angle and pitching rate. The burnout oscillation
in the vertical plane is similar to that noted previously in the lateral
plane. After burnout, the rocket continues under the influence of .gravi@f,
thus undergoing an increasing downwwd verticsl deflection lmown as grav-
ity drop. The apparent gravity tip-off and gravity drop may both be
either increased or decreased by fin or thrust malalinment. The effects
of fin and thrust malalinement msy be decreased by @arting spin to the
rocket provided the spin rate is sufficiently higher than the pitch and
yaw natural frequencies to avoid resonance and tistabili~.
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The following table summarizes the major itms affecting rocket
deflection and dispersion, and it indicates possible means of reducing
the effects of these items:

Item

Thrust malalincment and
launcher irregularities

Crosswind effects

Fin malalinment

Gravity tip-off

Gravity drop ‘

Mesms of reducing effects

Increase static stability or increase
velocity at launch by increasing length
of ground launchers. For high-speed
air-launching, zero-length launchers
may reduce disturbances.

Increase velocity at launch, reduce
static stability to near neutral.

Increase stability, impart spin at rate
higher than natural pitch and yaw
frequencies.

Increase velocity at launch, release
front and rear of rocket from launcher
simultsaeously.

Ihcrease velocity of rocket during
complete flight.

Deflection and Dispersion Data

In general the deflection and dispersion data presented in fig-
ures 6 to 20 show the various effects noted in the preceding discussion
of figure 3. There appesr to be no major differences in the deflection
data for the three rocket configurations used.

Figures 21 and 22 present statistical sumnsries of the lateral
deflection data as plots of mesm lateral deflection in roilsagainst mesn
crosswind in feet per second for each lot at burnout range and at twice
burnout rsmge. Also shown is the lateral dispersion expressed as the
standard deviation of the deflection from its mesm value for each lot.
The procedures used in determining the mesn and standard deviation sre
given in the appendix. The slopes at 2 mils/fps faired through the data
represent an average value for the effect of crosswind on the deflection
of ground-launchedrockets according to sane British sources. The data
in figures 21 and 22 appear to fit this average value of crosswind effect
fairly well. The data appear to show slightly smaller crosswind effects
for the monoplane-fin rounds than for the cruciform-fin rounds. Although

—.-— .._. —________ .—— —— ——.. _______ _________



10 NACA RM L55106

statistical reliability checks listed in the appendix indicate the data to
be relatively reliable, the small number of”semples in each lot probably
does not justify any conclusion other than that the crosswind effects 1.

sre approximately equal for the three rocket configurations.

The deflection snd dispersion values shown in figu?es 21 and 22 are
summarized in table II. The root-mean-squere values of standsrd devi-
ation shown in table II indicate no significant difference among the
three types of rocket whether or not one includes the values for lot 4
which the statistical checks in the appendix indicated to be the least
reliable lot. Ignor@g lot 4 gives mil dispersion values of 25.7
and 27.75 for the cruciform-fin rockets - these values are slightly
larger than the value of 23 listed in reference 3. The present tests,
however, used a k-foot launcher rather thsm the 7-foot launcher listed
in reference 3 and would be expected to show slightly higher dispersion
values.

Impact-Rsnge Dispersion

As noted in the section entitled “Tests” a few rounds were tracked
with the NACA modified SCR 584 radar and although no records were taken
the operator’s notes provide some data on range to impact. The impact-
range data are summarized in table III. These data, although few in
number, show slightly greater mean rsnge for the monoplane-fti rockets
than for the cruciform-fin ones. The range dispersions for the crucifomn-
fti and 4° monoplane-ffi round are about equal.
shown for the 80 monoplane rounds may or may not
of the small sample size considered (4 rounds).

CONCLUDINGRIMARK

The Seater dispersion
be significant in view

The data from the present tests indicate that fixing the monoplane
ftis to the body had no drastic effects on stability and that there were
no significemt differences h the dispersion and crosswind effects of
cruciform-fin and monoplane-fin rockets.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lamgley Field, Vs., Septaber 6, 1~~.
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STATISTICAL

The mesm values of deflection,

FmcmmREs

crosswind velocity, and range and
the dispersion or standard deviations of these values-were calculated
by the following procedures:

Mean values were determined by

?
where x is individual values of deflection, crosswind velocity, and
range; n is number of.samples; and Z is mesm value

.=zlll
n

where d is mean deviation or average scatter of values about mesm

where s.d. is standard deviation of values about mean and is the usual
statisticalmeasure of dispersion. The value (n - 1) rather than n
was used because of the relatively small sample size in each lot.

Checks on Statistical Reliabili~

Various checks were made on the

The first test was a comparison

statistical reliabili~ of the data.

dof the ratio ~ for each lot

with

O*U.

the standard value of & = 0.798 for “normal” or “GS.ussian”
au.

distribution. Values of ~ for the lateral dispersion of the various

lots of rockets ranged from”O1608 to 0.884. (See table II.) This range

of values for ~ indicates fairly normal distribution.
.

—.—. .——. — —
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The reliability of the samples was also checked by performtig the
following steps (based on refs.-h and 5) on the data:

(1) FYcm the range between extreme values in each sample w
the mean range 1? and the standard deviation Uw of the ranges

n - 1 instead of n for small ssmples.

(2) Calculate the following:

“efi

Xv - 2yuwfl
u=

a

where m = 3.14 and y = 0.57722

(3) Find R for each w, where R = a(w - 2u)

(4) The range for each R which fails outside the limits

find
using

-1.75 ”~’R~ 5.35 is then from a poor ssmple (for a % percent confi-
dence level.) Shown in table IV are values of R obtained by perfomning
this test on the ssmples.

In &meral the test iadicated the data to be fairly reliable. Iot 4
for the cruciform fins, lot 2 for the 4° monoplme fins, and lot 4 for
the 8° monoplane fins appeared to be possibly somewhat less reliable
than the other lots.

.
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TA2U I.- l?WX TO 2.~RiC2 ~ DBFEWION TESTS

NACA RM L55106

Iamwher WM
Fln C1-08swld,

0- F- @e, mevaticm, Azimth, ~, ~, *
FlgTlre R-M

dq
(a) dq dw dw fps (b)

Lot 1 on APKU 17, 153

1 + m in 240 3.5 21.9 6
: 5+3 l-p 232 23.5 23.2

; : ~
‘1

lTL 2b9 Z2.1 21.5
+ o $ l-cl 2> 20.6 18.3 :

5 - 4 l-(1 227 ‘=.1 18.2 7
6 - 8 z l-p. 243 22.1 20.9 8
7 + w 1-LL 262 23.5 a.5 6
8 - : l-rl 261 *.0 *.9 7
9 - 8 %’ In g =&-l g.; :
10 + o 30 in
11 - 4 30 in 226 39:8 32:4 -I
12 - 8 3+3 lj’1 =3 s.~ 15.5 8
u + in & 17.6 6
14 - : % In 226 $:5 24-9 7
15 - 8 30 in @l 2Q.6 —- camei-adianOtOPerate
16 + 0 w l-p. =5 22.1 17.8 ;
17 - k m in =5 28.o =.5 7
18 - 8 m in & 16.0 Tlaled.m leavlngLmlncher
19 + 30 in Z:b 16.62a? ;
ZU - : m in 2.08 23.0 15.0 7
a - 8 m in l@ 2Q.6 5-7
22 + o % in lgl 22.1 7.s :
a - 4 l-p 1X 29.4 12.9 -I
2% 8 z Wl 19 29.4 11.g 8
23 : 0 30 l-p 1$9 30.s 14.5 6 Wdt=_Xb@==Weof

2-S - 4
faultyigniter

30 l-n 19 30.5 ---- - I& u rotor,date.notl-dud
27 - 8 m l-(1 1s5 32.4 ----
28 +

b%13mt.cll-,&a notrducd
l-n 1X 32.4 14.7 i

29 - : 3 in 1* 25.0 —— Mk u !mtc.r,datanotl-Uhn2ea
% - 8 YJ l-(1 195 W.9 12.5 i

w2m AmUE2,153

1 + 60 ?3 19S 22.1 sa.8
2 - : a 99 233 23.5 22.8 1:

8 m 99 =7 19.1 -–- -- Cemerll@meu
: : 63 99 1SS 27.9 --— --

:
Cawl-aj-aunwd

15
2 : 8

10
2 E ;g %:k 2:: l-l

7 + a 99 20.6 X).5 9
8 - : 60 S9 -189 27.9 27.9 10
9 - ~ @ B 199 27.9 27.5 U
10 + o 203
11 - 4 2 z ~y 2:L z:; J
12 8 60 S9 23-5 22-8 ~
13 : 6 99 m3 20.6 19.9 9
14 - : 60 S9 1% 29.k 29.2 10
15 a &l 11
L6 i 69 z ?2 %:9 ::2 9
17 - : 1% S9 19? 29.4 29.3 10
18 - 8 .% S9 le9 29.4 29.3 11
19 + 60 99 192 2(.8 9
20 - : .$3 S9 18g 2:5 32.3 10
.21 - 8 60 183 11
i2 + @ % l% 2:: z:; 9
23 - : 60 Y3 lm %.0 33.7 10
24 - 8 60 B 192 2S.4 26.4 u

+ @ S9 193 27.9 2-7-9
z -

9
: 1% 10

27 - 9 2 z lm 3:9 Z:i I.1
28 + o 6Q S9 l& 23.5 23.2 9
29 - ~ 60 B lW 30.9 30.k 10
Y3 - 8 60 99 l& 30.9 30.b 11

a a S9 lm 32.!3 31.9 U
; i : .$3 S9 17’6 29.4 28.6 9
53 - 6+3 S9 ltm 25.0 24.6 10

‘+ d-tea crwlform,- demotesmnqlene.
b&itiw3 walesdenote wind l-l-m right.

.
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W I.-INDEX!lU2.25-DfCERWKETD~ON !CWIS- continued

Launcher Wti .
?Yn crOsBwLrd,

>undFi.n6fmgle,~m~io=, &M, ~M, v> fp, - R-ks

(a)
deg deg deg deg fps (b)

I#t3 on Augwt 31, 1%3

1 + 60 130 2!% 14.9 lk.2 12
2 - : 60 130 206 17.5 --— --

8 &)
Nk U motor, data rot redmd

130 l$TJ 20.5 --— -- Mk 13 motir, data not reducd

i i 43 1.30 195 1.2.o 10.6 12
: 60 130 10.5 9.7

; : 8
1.3

69 130 205 14.5 14.2 14
7 + 60 m =03 ~.o :.; g
8 - : 60 210 14.5
9 - 8 69 1.3Q ~ U.o 12:4 14

10 + o &o 130
U - 4 60 1Y3
12 - 8 .$3 130 21.5
u + 63

Kx U mtir, data not reduced

130 210 12.o u..6 12
lb - : 6!) 130 215 13.0 ---- -- m 13-, dak mt reduced
15 - 8 69 I.X 205 16.0 ---- --
16 + 0 60

Ilk u UI*, data not lanced
1.3Q = 16.0 16.1 K!

17 - 4 a 130 210 12.o u.6 u
18 - 8 6-9 130 23.5 ~.o - --– -- Nk 1.3 motor, data not reduced

19 + : 60 m =“ U.o U.2 :
20 - & w 215 9.0 8.8
a - 8 6-9 130 Zzo 7.3 14
22 + 60 1.30 210 , ;:: 8.7 :
23 - : 60 1.30 as 1.2.O U..7
24 - 8 &l Uo 21> 12.o Il.-l 14 Obeervera believe fins broke off

25 + 60 13J3 2.15 10.5 10.2 12
26 - : 60 130 Zlo 1.2.o u..6 I-3
27 - 8 m m ao 1o.5 ---- -- w 13 !mtor, data mt reduce+.
28 + 60 Uo 2Q5 1.2.O 11.3 g
29 - : 60 130 m 10.s 9.7
30 - 8 60 1.30 ~ 14.5 ---- -- km u UlOtm?, d8t.a mt reduced.

Id. 4 on July 9, l%&

1 +’ 6) 139 83 16.0 -IL8 15
2 - .: 60 HI 14.5 -9.2 16

8 a m % 17.5 -13.3
: i o

17
m 1.30 82 17.5 -—-- --

4 63
Fim brokeoffat lamwu

Uo 14.5
.? : 8 63

-7.8 16
lW g 16.o -IL8 17

7 + : @ m 17.5 -14.8 15
8 - 60 1.30 2 17.5 -14.2 16
9 - 8 60 130 -@ 19.0 -U.o 17
10 -!- 0 6-9 m 7? 16.0 -1.3.2 15
U - 4 63 m -m 22.0 -17.3 16
12 - 8 60 m 76 15.0 -12:5 17
u + GJ Uo 72 22.0 -18.7 ;:
14 - “: 60’ 130 76 17.5 -14.2
15 - 8 60 I-30 g 19.0 -14.8 17
1.6 + a 1.30 20.0 -14.8 15
17 - : 60 1.3a 75 19.0 -15.6 16
18 - 8 60 m 75 17.5 -14.4 17
19 + 69 ).30 76 23.5 -19.0 15
20 - : 60 1.30 75 S.O -18.6 16
a - 8 60 m 19.0 -U.5 17
22 + 60 1.30 E 21.o -14.2 15
23 - : 6-9 80 22.0 -16.9 16
24 - 8 6-0 130 81 22.0 -16.6 17
25 + 63 m 87 14.5 -10.0 15
26 - : a 150 22.0 -12.9 16
27 - 8 61- 130 z 21.o -14.0 17
28 + 60 1.30 9 17.0 -10.8 15
29 - : 60 m 91 16.0 -10.2 16
30 - 8 m m w 15.0 -U..l 17

a+derides cmclform, - denotes monoplme.
b
Positive values denote wind fmm right.
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TMBLE I.- - ‘M 2.29 -IRXI FWKWl! D~ION T@lW - C.mclnded

IamKk Wind
Fin

Round
(mOmm,

?b$ Q&% =evaticm, Azm, Aclmrth, v, *
?Q’lnw -k

a- daga)
deg fps

b}

1

2

i

5
6

.!!
9.

10
I-1
w
u
14
15
16

:i
19
20
21
22
3
24

25

3
29
n

+

+

+

+

+

+

+

+

+

+

o

4
8
0
4
8

:
8

:
8
0
4
a

R
a
o
4
8
0
4
8
0
4
8

:
8

U6
1.I.6
1.1.6
116
U6
116
116
U6
U6
U6
IJ6
U6
116
U6
U6
U6
U.6
il.6
m
1.16
U6
U6
116
U6
U6
U6
11.6
U6
U6
U6

a
+ dem’@8 crddfcam, - danOtOB-Ilk.

Id 9 m Cctaber 28, lW

lJ..7

11.7
8.8
11.7
U.7
IJ..7
lJ..7
11.7
U.T
8.8
8.8
8,8
8,8
7.9
5.9

z:;
5.9
3.9
?.9
5.9
5.9
5’.9
5.9
9.9
5.9
5.9
7.9
5.9
5.9

0.8

k:;
2.8
1.8

.8

.0

.8

.8

.6

.6
2.1
2.1
--

---

1.4
---

;:;
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3

18
19
al
18
19
m
18
19
m
18
19
m
18
--

ii
--

m
18
19
m
m
19
20
18

19
20
18
19
al

Cawra @reed shortly titar Wurcart

c— @md

Clmmm $mm2.1

I&Mire

%itive valum damt. wind rrcm risjk.
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f-m
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Fins

rCructrorm

r4° Monoplane

r8° Monoplane

L

Lot

2

2

2

2

5
5

2

2

5
5

2

2

5
5

W IJII.- 2.25 -INCH RWO?T ?JtPACT DISPERSION DATA

Round

5
8
2

U

l$?

27
6
15

Range .9A
impact, yd

a

4,93
5,370
4,9%

5,370
4,90
4,830

5,8&1

5,970
5,440
5,65a

5,970
5,880
5,530
5,3W

%ata from radar operator’ E notes.

Mean range at

impact,yd

5,073

15,735

1
5,683

Standard deviation of

range at impaCt, @

238

Mean deviation

Standard deviation

o.e42

.797

.831



NACA RM L55106
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TABLE rv. - STATISTICAL CHECK OF DATA

R

(a)
Ftis LQt

At burnout At twice burnout
range range

cruciform 1 -1.46 -0.19
.72 -.13

; 1.07 -.19
4 3.22 3.20
5 2.38 3.oa

40 Monoplme 1 :38 -1.24
2 4.36 3.04

.51 1.39
; -.08 -----

5 .60 1.54

8° Monoplame 1 .9 2.07
2 2.68 -.73

----- -----
: 2.28 3.22
5 -1.34 .06

aValue of R should be between -1.75 and 5.35
for 95j% confidence level (see appendix).
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Slde view Rear view

Cruclfofm fins
Average Volues of

Leaded Epqsty Loaded q.

r \
F 1/4

Empty cg

weight, lb weight, lb lm tram rc%e [n from nose

\, Cruciform I 1.82 9,92 16,26 15.98

Monoplane I L48 9,64 16,03 15.67

. . . . . . . . . . . . . . . . . .

(- .B ___

= -~’’’n”st “+

Side view

L

Top view
Monoplane fins

(a) General arrangement.

Figure 1.- Sketches of 2.~-inch rocket mtir, showing fh

A31 dhnenaione me in inches.

Reor view

configmationa.
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(b) !bde .ud average values of fin twist, average of 14 round..

Figure 1.- Concluded.
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Figure 2.- Photograph~of typical monoplane-fin rocket on launcher.
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Figure 3.- Sample deflection data; lot 1; round 1; cruciform-fin rocket;
crosswind 21.9 fps from right.
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Figure 5.- Stability chart for 4° monoplane-fin rockets.

—.— —- —-— — _ ——z... .— - —.—— —— -.



‘&

I
.— 4
------- ,7
.........., 10
—-— 13
—--— Ic

:K)2

0 [ 2 3 4 5 6 7 8 9 10 II XI02

0 I 2 3 4 5 6 7 8 9 Ioxloz

Rangq ft

Figure 6.- Deflection data; lot 1; cruciform-fin rockets; mean crosswind

17.41 fps from right.
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Figure 9.- Ikf lection data; lot 2; cruciform-fin
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crosswind 27.82 fps from ri@.
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Figure 14. - Deflection dataj lot 3; 8° monoplsne-fin rockets; uan
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Figure 15.- Deflection data; lot 4; cruciforn-fti rockets; mean crosswind

14.62 fps from left.
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wind 13.88 *a from left.
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NACARM L55106

From left From right
Mean crosswind, fps

(a) Cruciform-fin rockets.

From left From right
Mean crosswind, fps

(b) 4° monoplane-fin rockets.

Lot

01
❑ 2
A3

;:

From left From right
Mean crosswind, fps

(c) 8° monoplane-fin rockets.

Figure 21.- Crosswind effects on deflection at burnout range (385 ft);
lot 1 fired at 30° elevation; lots 2 to ~ fired at 600 elevation.
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(a) Cruciform-fin rockets.

From left From right

Mean crosswind, fps

(b) 4° monoplane-fin rockets.
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From left From right
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(c) 8° monoplane-fin rockets.

Figure 22.- Crosswind effects on lateral deflection at twice burnout
range (~0 ft); lot 1 fired at 30° elevation; lots 2 to 5 fired at
60° elevation.
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